Abstract: Twenty six Rhizobium strains isolated from root nodules of Sesbania sesban were studied for chitinase activity on chitin agar plates. Among them, only 12 strains showed chitinase activity. The strain showing the highest chitinase activity was selected based on maximum clear zone/colony size ratio on chitin agar plates and chitinase activity in culture filtrate. The strain was identified as Rhizobium sp. which showed a high degree of similarity with Rhizobium radiobacter (=Agrobacterium radiobacter). The cultural and nutritional conditions were optimized for maximum chitinase activity. The Rhizobium sp. exhibited maximum chitinase activity after 36 h of incubation, at neutral pH. Among the different nutritional sources, arabinose and yeast extract were found to be good inducers for chitinase activity. Rhizobium sp. could degrade and utilize dead mycelia of Aspergillus flavus, Aspergillus niger, Curvularia lunata, Fusarium oxysporum and Fusarium udum.
Introduction
In addition to the beneficial effect of Rhizobium and Bradyrhizobium in terms of biological nitrogen fixation that has been the main focus of study in the past, rhizobia are now receiving much attention for their plant growth promoting activity with both legumes and nonlegumes (Alikhani et al. 2006) . Plant growth promoting rhizobacteria directly or indirectly promote plant growth by the production of phytohormones, biocontrol of phytopathogens and improvement of nutritional status of the plant (Chandra et al. 2007 ). Several reports have indicated that some strains of Rhizobium act as biocontrol agents due to the production of antibioticlike substance (Krishnan et al. 2007 ), siderophores (Arora et al. 2001) , while some strains also showed antagonism towards plant pathogenic fungi in dual cultures (Gupta et al. 2005; Chandra et al. 2007) . It was also reported that Rhizobium meliloti with expressed Serratia marcescens chitinase gene efficiently degrades hyphal tips of Rhizoctonia solani (Sitrit et al. 1993) . However, antagonism of Rhizobium towards fungi, due to the chitinase activity in natural conditions, has not been reported so far. Furthermore, chitinases are well known for their ability to degrade fungal cell walls. Certain microorganisms like species of Aeromonas, Alteromonas, Bacillus, Enterobacter, Pseudomonas, Serratia, Streptomyces and Vibrio have been reported to produce chitinase (Bhattacharya et al. 2007 ).
The present work was done in an attempt to study the chitinase activity of Rhizobium strains isolated from root nodules of Sesbania sesban (L.) Merr., an important green manure crop.
Material and methods
Isolation and identification of the organism Twenty-six Rhizobium strains were isolated from root nodules of S. sesban plants collected from different regions of Andhra Pradesh, India, on yeast extract mannitol agar medium. The identity of the strains as Rhizobium was confirmed by a plant infection test (Vincent 1970) . The organism used in the present study was identified by the Institute of Microbial Technology (IMTECH), Chandigarh, India, as Rhizobium radiobacter (=Agrobacterium radiobacter) and designated as MTCC 8917. Since Agrobacterium and Rhizobium are still treated as separate genera in Bergey's Manual of Systematic Bacteriology (Kuykendall et al. 2005) , we preferred to designate the strain as Rhizobium sp. fromSesbania sesban.
Screening of Rhizobium strains for chitinase activity Medium used to screen Rhizobium strains for chitinase activity (g/L): chitin, 5.0; yeast extract, 0.5; K2HPO4, 0.5; MgSO4 · 7H2O, 0.2; NaCl, 0.1; agar, 20.0. The pH of the medium was adjusted to 7.0 and the medium was sterilized by autoclaving at 121
• C for 15 min. After cooling, the medium was transferred into the sterile Petri-plates. Each Rhizobium strain was inoculated at the centre of the plate and examined for a clear zone (CZ) around the colony after
• C up to 7 days. The diameter of the CZ and colony size (CS) was measured. The strain showing the highest chitinase activity was selected based on the CZ/CS ratio.
Enzyme source
Each Rhizobium strain was inoculated into 50 mL of the chitin broth and incubated at 30 ± 2 • C on a rotary shaker at 200 rpm. The culture filtrate was collected by centrifuging the culture broth at 7,000 rpm for 30 min and was used as extracellular enzyme.
Preparation of acid-swollen chitin Phosphoric acid-swollen chitin was prepared according to the method described by Hackman (1962) .
Growth of Rhizobium sp. for chitinase activity Rhizobium sp. was grown in 50 mL of liquid medium in 250 mL Erlenmeyer flasks and incubated for 96 h on a rotary shaker (200 rpm). One mL of the culture broth was withdrawn at different time intervals. The growth was measured as estimates of total cell protein following the method described by Waterborg & Matthews (1996) . One mL of the culture was withdrawn from the same broth and after centrifugation at 7,000 × g, the supernatant was used for the chitinase assay.
Chitinase assay Chitinase was assayed as described by Vyas & Deshpande (1989) . One unit of the chitinase activity was defined as the amount of N-acetyl-D-glucosamine equivalent at 50
Optimization of conditions for chitinase activity by Rhizobium sp.
To test the effect of pH on chitinase activity, media with different pH values ranging from 5.5-8.0 were used. Effect of chitin concentrations on chitinase activity was studied by supplementing the medium with different concentrations (5-50 g/L) of chitin. The control consists of medium without chitin. Effect of carbon sources was studied by supplementing the medium with glucose, mannitol, arabinose, cellulose, starch, lactose, maltose, sucrose in two sets at the concentration of 5 g/L. One set contained 5 g/L chitin and the other set did not contain chitin. In the control flask, no carbon source was added except chitin. The effect of nitrogen sources (0.5 g/L) on chitinase activity was studied by supplementing the medium with (NH4)2HPO4, KNO3, Lglutamine, L-asparagine, soymeal, peptone, urea and yeast extract. The control consists of medium without a nitrogen source. The effect of different concentrations of yeast extract on chitinase activity was studied by supplementing different concentrations of yeast extract (0.05-2.5 g/L) to the medium.
Utilization of fungal biomass as a source of chitin by Rhizobium sp. Aspergillus flavus, Aspergillus niger, Curvularia lunata, Fusarium oxysporum and Fusarium udum were grown in Czapek-Dox broth for 7 days and the fungal biomass was harvested, washed with distilled water and dried in an oven at 60
• C for overnight. These dried fungal mycelia were then powdered and used at 5 g/L concentration instead of chitin.
In vitro inhibition of fungal growth Rhizobium sp. grown in 10 mL of chitin broth for 36 h was added to the 250 mL conical flasks containing 90 mL of sterilized and cooled Czapek-Dox medium. The medium was inoculated with 5-day old fungal mycelia of C. lunata, F. oxysporum and F. udum. Simultaneously, a control flask was also maintained for each fungus without Rhizobium culture. In the same way, the effect of culture filtrate on fungal mycelia was studied by centrifuging 10 mL of Rhizobium culture grown in chitin broth, at 3,000 rpm, and the cell-free supernatant was added to the flasks containing 90 mL of Czapek-Dox medium pre-inoculated with fungal mycelia. A control flask was also maintained for each fungus by adding 10 mL of sterile and centrifuged chitin broth. In both cases, the inhibition of growth of fungi was monitored in terms of dry weight after 9 days and % of inhibition was calculated.
Effect of partially purified chitinase on the growth of fungi by plate assay The partial purification of chitinase was carried out by adding 75% ammonium sulphate to the cell-free supernatant and was left overnight at 4
• C. The resulting precipitate was collected by centrifugation at 10,000×g, 4
• C. The precipitate was dissolved in 50 mL of 25 mM Tris-HCl buffer (pH 7.5) and dialyzed against the same buffer. This was subjected to lyophilization to concentrate the protein. The concentrated protein was dissolved in 1 mL of 25 mM TrisHCl buffer (pH 7.5). The concentrated protein was applied at the rate of 25 µL to the wells made on Czapek-Dox agar plates, inoculated with fungi like A. flavus, A. niger, C. lunata, F. oxysponum and F. udum. Control wells consisted of heat-inactivated enzyme.
Statistical analysis
Values presented are the means of three independent determinations from three separate flasks. Standard deviations are represented by error bars.
Results and discussion
Screening of Rhizobium strains for chitinase activity Among the twenty-six Rhizobium strains, only 12 strains have exhibited chitinase activity on chitin agar plates (Table 1) . Strain 1, which showed a high CZ/CS ratio (2.25) on chitin agar plates and maximum chitinase activity (1.10 units/mL) in chitin broth was selected for further studies. The clear zone formed by the growth of strain 1 on a chitin agar plate is shown in Figure 1 .
Chitinase activity by Rhizobium sp. Chitinase activity was found to be maximum after 36 h of incubation, though growth was highest at 72 h (Fig. 2) . The chitinase activity increased linearly with the growth up to 36 h. However, after 72 h of incubation, even though the growth was very high, chitinase activity decreased. Wiwat et al. (1999) have reported maximum chitinase production by Bacillus circulans at 96 h, while in Pseudomonas sp. and Pseudomonas dispersa the enzyme production was highest at 144 h (Gohel et al. 2004 ) and for Alcaligenes xylosoxydans it was 72 h (Vaidya et al. 2001 ). 
Factors effecting chitinase activity Effect of pH
Chitinase activity occurred at a pH range of 5.5-8.0 with maximum activity at pH 7.0. There was not much difference between chitinase activity at pH 6.5 and 7.0 (Fig. 3) . Chitinase activity was relatively low above pH 7.0 and below pH 6.5. The optimum pH for chitinase production was reported as 7.0 in Serratia marcescens (Monreal & Reese 1969) , while in Alcaligenes xylosoxydans, the optimum pH range for chitinase production was 7.0-9.0 (Vaidya et al. 2001 ).
Effect of different concentrations of chitin
Effect of chitin concentration (5-50 g/L) on chitinase activity revealed that Rhizobium sp. showed maximum activity with 20-30 g/L of chitin (Fig. 4) . Further increase in concentration did not result in the increase of chitinase activity. 
Effect of carbon sources
Various carbon sources were tested in the presence and absence of chitin for chitinase activity. Chitinase activity was greater in chitin medium than when mannitol, glucose, arabinose, cellulose, starch, maltose, sucrose and lactose were supplemented with chitin (Fig. 5) . Chitin medium along with arabinose was found to increase chitinase activity, but supplementing chitin medium with other carbon sources actually decreased the enzyme activity when compared with chitin as the sole carbon source. The fact that the arabinose and chitin doubles the chitinase production has been reported earlier in Streptomyces viridificans (Gupta et al. 1995) . Growth and chitinase activity were very poor in chitin medium supplemented with maltose and su- crose. Even though the growth of the Rhizobium sp. was very high in chitin medium supplemented with mannitol (data not shown), Rhizobium sp. showed less chitinase activity. This may be due to prior and better utilization of mannitol than chitin.
Effect of nitrogen sources
Among the various nitrogen sources tested, organic nitrogen sources supported maximum chitinase activity than inorganic nitrogen sources when compared to the control (without a nitrogen source). Among the organic nitrogen sources, yeast extract, soymeal and peptone at the concentration of 0.5 g/L supported better chitinase activity than urea, L-glutamine and L-asparagine (Fig. 6) . The chitinase activity was lower in the media with inorganic nitrogen sources when compared to the control. That the addition of yeast extract to the medium enhances chitinase production has also been reported in Serratia marcescens (Monreal & Reese 1969) , while in Myrothecium verrucaria, addition of urea to the medium showed a four-fold increase in the chitinase production (Vyas & Deshpande 1989) .
As yeast extract at 0.5 g/L increased the chitinase activity, the effect of different concentrations of yeast extract was studied, which revealed that the 1.0 g/L yeast extract showed maximum chitinase activity (3.55 units/mL). Above this concentration activity of chitinase decreased (Fig. 7) .
Effect of fungal biomass on Rhizobium sp. chitinase activity Fungal cell wall contains chitin as the major component and chitinase is well known to lyse the cell walls of both live and dead fungi (Ueno et al. 1990 ). To observe the ability of Rhizobium sp. to utilize dead fungal mycelia, fungal mats of A. flavus, A. niger, C. lunata, F. oxysporum and F. udum were substituted for chitin. Rhizobium sp. better utilized dead mycelia of C. lunata followed byF. udum, F. oxysporum, A. flavus and A. niger (Fig. 8) . The utilization of fungal mycelia for chitin was also reported in Myrothecium verrucaria (Vyas & Deshpande 1989) and Streptomyces viridificans (Gupta et al. 1995) .
In vitro inhibition of fungal growth
In the medium inoculated with Rhizobium sp., maximum inhibition of growth was observed in F. udum (36.8%) followed by F. oxysporum (21.6%) and C. lunata (13.7%) ( Table 2 ). In the medium inoculated with culture filtrate of Rhizobium sp., maximum inhibition of growth was observed in F. udum (66.2%) followed by C. lunata (47.5%) and F. oxysporum (39.1%). Vaidya et al. (2001) also reported that chitinase producing bacteria, like Alcaligenes xylosoxydans, inhibit fungal growth.
Effect of partially purified chitinase on the growth of fungi by plate assay When partially purified crude enzyme was tested by plate assay, a clear zone was observed around the wells inoculated with all tested fungi. The maximum zone of inhibition was shown for F. udum (Fig. 9) . When heat inactivated enzyme was added to the control well, there was no zone formation. This indicates that zone formation is due to partially purified chitinase.
From this study it is clear that Rhizobium sp. from Sesbania sesban showed chitinase activity and it might have ecological significance in its interactions with soil fungi.
